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T ™Y SUMMARY ™ . Page .1 Of g
bl Module No: “'Module-Title: b ) S T

5\\\Chloriﬁation

) _ ..« | Submodule Title: . o uﬂ‘wk% \ /

Approx. Time;

T Topic: . ’ f
15 hours . : .

’

Objectives: - e SR
' : Upon completion of this module the participant wi]]iFe dble to:.

- > . - . n .
1" 1. - Define -the purpose of chlorinationtin water and wastewater. .
2., Define the-methods of ch]orinqgion and .the rea

ction in water and wastewater. .
-+ 3 . .

. . . "' . S, : . ’
A "( . 1\ » \
« . ' . T / .‘ " s |

. i
° Instructional Aids: _ "
A N 4 . . . ? v . -
. Handouts o _ , .
Overheads - R . ' { /
’ -Optional: Movies : . .
Fleld trip-. . \ ; :
. Y
Y ' o
. Instructiona[ Approach: . . , . . . ¢ - N
Lecture . ' N ' . )
Discussion N A ST . RIS
Optional: Movies o oo R |
. Field trip \ - : L < - Ce
J[References: ' . | ‘“ ‘ , e % S
1. Operation of Wastewater Treafment Plants, Sacramento . .- %é' " T
2. Wastewater Engineering, Meétcalf and Eddy.. . ’ e .
3. Basic Gas Chlorination Workshop T S
4. Disinfection - ASCE - APHA e . ) o 2
5. Water Chlorination Principles and Practices, AWWA ©
6. .Chlorination of Wastewater MOP #3 WPCF. .o '
. iClass Assignments: . Lo . : .
. . - . L ' ki - ‘,'_ ' -
-{ Participdte in discussion _ \\\ o ’ T . e
Read handouts L S R
o | Prepare ,h‘aqgout C . 4 ' .. . ;‘_ TN . q_,\ et




Instructors Guide

© o . :
L " [ ModuTe NO@ J' Topic: . I :
4 _ ors _

. - I Lo « :
. Instructor Notes:. '~ - . Instructor OutTine: . ’ .
i . a~ \ - . \f\ N .

-
(3

- . .Y ‘-"\\ S . D) . o - j - —— A
1. “Movies that may-he used-are . ‘ ‘ '

: . at the discretion oﬂ% the -

- instructor. It will be: up to (\ Vo .

the 1nstructor to find :

pertinent films as the sources| - Sw co
- ] are/many T :
Field trips are recommended

N - - to' point out #heimany methods

7/ .
of chloriné app]icatibn.ﬂs\\\\
3. Do~no% use dry ch]orineﬁ\\

L 1 demonstrat1on in an unae\EBVec

PR -\-

conta1ner as heat generated

: (is high. -N¢B.: Demonstrate

. only in properly ventilated - ~

« room '}

4. Handout list indicates the
number of handouts in package e o -

5.+ Most of the handouts may also ) ’ s .o

"'l be used as_overheads. 1 to

-~ I ] . 4

. 6. Where discussion test inter- Ty

~ pretation, this unit section

should be preceded with tests

ed in-the plant. This will o ' o p

P

make thi Eecpion easier to ' ' .

explain. - .
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1.- Purpose Definitions . : )
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R 2. PPG Properties . > «.
- --| 3..Halogen Family' . ' ’
g v y > e ( ~ .
“+| 4. Forms of Chlorine - r A
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'S \ > . <
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. T - < a
4 - 2 .-
11.  Pressure System \ . -
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Module Ho: + ] Module Title:.

ot Chlorination. "

e

o .| Submodule Title:

Lhﬁbrox. Tine. : B Introduct1onlv
) Topic:

45 m1nutes

" { Purpose/Definitions ..

Objectives: g
Upon comp]et1on of £h1s modu]e thé\participant will be.able tb

1.' Identify%the purpose of ch]or1nat1on
2. Dbefine:

ae. Free‘availdee‘chlorine
-b. Chlorine residual -

- ‘-

JInstructional Afds:
ka' out*1

lnstructional Approach'~~

Lecture ° . .
- Discussion

References: .

1. WPCF MOP #4 Chloririation in Wastewater
2. PWWAM 20 Water Chloridation Principles and Practjces

-
-

[ }
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)
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N

e

g
’

Class Assignments:

Participate 1n\@ssion‘
F111 out ‘hando

§
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Module uo:

Tapic:
Chlorination

1

Instructor Notes:

Instructor Outiine:

L
o

‘Ii
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Purpose"

To reduce pathogen1c bacteria preventing spread * ]

oﬁ»water borne disease.
- . sterilization of water.

- Do not confuse with the
This is the total '

reduction of'pathogens--tp sterilize. is not

IT,

" apractical and Ef too costly.

Caut1on

the process.

Def1n1¥1ons,

¢

A

>

Ch]orﬁné i$ a non- se]ecégve ogent and
cou]d Ki11'off organisms that are

eneficial to

1.

[11.

. combine with any organ1c compound

Chlorine demand =~ =~

2. Chlorine residual

‘3. Free available ch]onjne R _ b
L

Demand - the difference between the amount .
of chlorine added and the amount of chlorine
remaining'in a solution at the end of a .

. specific-period of contact.

. Regidual - the amount of chlorine avaifab]e
« as a dissolved gas, acid, or ion that will’’

3. Amount/of chlorine available in a liquid that
is not combined with any organic.compound.

Hiitony

1774, Paris, France, Eau de Javelle (Scheele)

t

1785, Berthollet - used this in the textile mills
Potash so!ution and chlorine makes Eau de Javelle
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Madule Ho- . Module Title:

N . ChPoridption
Submoqule Title:
Backgroﬁhd Information

P

.LApprox. Time “
» pric:‘

2 hours

Properties
/ .

Objectives: ' ‘ - -
Upon comp]etion of this module the partfc1pant will be able to

1. L1st propert1es of ch]orine

)

Instructional Aids:

S

1]
-

Handouts 2 & 3

Instructional Approach

Lecturd .
Discussion,

References:

1.. PP6 Industr1e}
‘2. D1sinfection QSCE APHA

L

~

L4

Class Asswgnments.
Participate in discussion

<




Module Ho:

- . ) - ' c o
T ~ - - — )
| Instructor Notes: : Instructor Outiine: X
. , N
< .—‘ —~ ) . v - i —
Handout (PPG) 2 IV. Background Information’ -
, - : s, ' . ’ toL . N R
. - *  Read from handout (Properties) - ;

. PR W A ) .; .~ - .
Handout 3 oL VI.- Cl, Family i ‘ .
(Read' from overhead) : e . >

. Member Halogen family . "
L \ -
. N Y
o
, .
- . !
] . . - -
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_ hand]1ng exper1ence

organ1c and 1norgan1c chem?ca]s

S e : ' CHLORINE ‘
) As o e of the“largest merchant producers of chjorine tg North

Amer1ca, the

pnoduc1ng and sh1pp1ng from a grid of’f1ve strateg1ca11y located p1ants

T ".PPG has accumu1ated more than 35 years of ch]or1ne production

tons of chlorine. * ° oL , A

PPG personnel are h1gh]y exper1enced in handling and sh1pp1ng

[N

ennca1 D1v1s1on of PPG Industrues is a dependab]e suPHIIer

During this t1me ‘PPG has sh1pped more,than 12 nﬁ]]ion

. ‘n

N

t

and

Y

N ° -

s

ch1or1ne, and the’ Chem1ca1 D1v1s1on 3 techn1ca1 service eng1neers can provide

expert technical ass1stance to chlorine users.

Techn1ca1 service is backed ¢ °

up by research® and ana1yt1ca1 1aborator1es and 1ndustry or1ented 1aborator1es

.
N

,serving zndustr1es such -as pulp and paper, text11es and chTor1nated solvent

E3

B - . . -
< - N . . v o L4 -
‘
LS . « -

* Te a1d users in tra1n1ng plant personne] PPG h\g‘produced a

ot

uses.

30-m1nute color f11m, "Safe Hand1ing of. Ch1orane," and has published a pocket °

s1ze guide -on'the same subJect as we]T as an 84-page, hard cover manual on ..

" ! \\ : A o
Ch1or1ne' ' .o . 2 .
i . . . ‘ - - s ‘\. 5 © . c\ B ’ .
Uses N - RN '

v

Chloripe SerVes as a reactive 1ntermed1ate to make a host of

The: cﬁemica] 1ndustry consumes near]y

Y

quarters of the tota1 u. S ch1or1ne;product1on ;n’

\\\ .

Organ1c ch”“?ca?g account for near1y two thirds pf this total

These include so1vents, 1nsect1&1des, refrigerants, propeffants;-1ubricant N

/ -

12 R

- - »

additives, and monomers for making,p1ast1cs such as po!yv1ny1ch]or1de

5
.
A

T .

Py
-
-
L]

Y]

*

-

three

~
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+
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“is also used for b1each1ng textiles.
metaﬂurgma] processmg

the sanitation of water.

Properties C o .
. Chemical Name: Chlorine ‘
- Chemical Formula:: Clp

. 'hflple'cular l«leight:,.f’ 70.914 . g

¥y

. S 4 \The gas is greomsh yeHow and has a tharacteristn ’
h : g_:%peri‘etrating; 1rr‘1tat1ng odorw '. ' .
Speciﬁc» Gravity of Dry Gas &€ 00 C. (32,0 F) B ‘
acand T atm pressure (afr sl) R -‘ ' ai ' 2.482 i
' S,pecific Gravity of L1qujd 00 C/4° c (32°/39° F. ) ot ll"468

ca1F R - I 68.8

jSpec1 fic Heat of Gasv -

- Pulp, and paper bleaching 1s the second 1argest use of chlori nee- It

'
k3

% S

Inorgamc chem1 ca] uses 1nc1ude many of the ch]ondes needed for

'

Nater"and wasté treatment--Chlorine 'is the major chemical used for’'

. -

Q‘l

< . . ﬂ‘x 3
Description: L1qu1d chlorme is ‘mobile and has a c'lear, amber color.

w A

Boﬂmg Point -%050 C. (-~ 29 319 F.)

Heat of Vaponzation at the boﬂ'lngﬁoint» . : S

- . ‘-v'- . -
B{u/1b \ ﬁ;’? CUNETER & <10 A

At constant pressune Cp at 15° C. ca]/(g) (° C) 0.119
" At 590 F.) Btu/() ( F.) T L _0.115

-

.
s 4 -
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iAt constant volume;'cv

qﬁt 159 C. cal/(g) (° C.) .'\ L

At 590 F, Btu/(1b) (° F. )
Spec1f1c Heat Rat1o, Cp/C
Specific Heat of L1qu1d “ . _ g

+ At 0 to 240 ¢, tca'l/(g) (°c.) o ©0.226
At 32.to 75° F. Btu/(1b) (OF.) - - . 0.226 -
Linuid Gas VYolume Relationship . . S

',Tﬁt'p° C.(32° F) and-1 atm preSSUre 1 volume 1iquid chlorine =

"456,.8 volumes chlorine-gas

" 1 pound 1iquid thlorine =
~ .l ;' -4.A98 ft3: .0’% ch]‘oriné gas

.

Vo]ume Temperature Relat1onsh1p ; Tne volume of liquid chlorine
. .- . increases°rap?d]y as its.
temperature 1ncreases .-'

So]ubility Chlorine gas. has only 11m1ted solubiTity in water--up .

»to 1% Solﬁb111ty 1ncreases w1th an increase in alkalinity.

React1vitya Because it is high]y reactive,Achlorine 1s never found

-

tree in nature "Its most connmn conpound is sodium ch]oride; from"

'_wh1ch PPG manufactures ch]or1ne by e]ectro]ys1s Ch]orine reacts

&

‘with most of ﬂge elements and. many organ1c and 1norqan1c compounds

:'usually with the evolution<qf heat. Un]ess contrq]]ed, theset

_ reactions may have violent results.




. ¢ v § . '

Government Spec1f1cat1ons

. ¥ .

e

) PPG ch]or1ne meets the chemica] and phys1ca1 requ1rements of

[N

‘Federal Specﬁf1cat1on BB-C-120, that: "Ch]or1ne shall. be 99.5% pure by .

volume as -obtained.from vaporized 11quid chlorine." - 'ﬂ oo

TOXiC‘it}[ / b . . . ‘, .
- B . :

. /Eﬁgorine gas is'pramarily a respiratory irritant. Concentrations
- \‘

“above three to five parts-per million in ‘air have a readi]y‘@étegtable odor.

&

In conceptrations above 15 ppm it irritates the‘mucous membranes, the

-

respiratory system and’ the sk1n Concentrat1ons between 40 a%d 60 ppm are ;

dangerous in 30 to 60 m1nutes Eﬁppsure to adr conta1n1ng 1,000 ppm is fatal
\ - “1

in a very short ‘time. 0 . ¢

Concentrat1ons in work areas should not exceed one ppm as a time
weighted average atmospheric concentration for an eight hour day to avoid

agverse 1nha1at1oq effects onoworkmen; This is its threshho]d Timit va]ue

- - .

(-['nLv) . . - . ¢ -

L1qu1d ch]orine may cause skin and eye burns upon contact. When B

«U
_ exposed to standard atmospher1c temperature and pressure, 11qu1d chlorine

N N
- .
. N . - .

vaporizes to .chlorine gas.
.« More information appears in Chemica] Safety Data Sheet SD-80 on

"Ch]or1ne" pub]1shed by the Manufacturing Chem1sts Assoc1ation 1825

Connecticut Avenue, N. W., Washington, 'D. C. 29009:(/* S

Hand]ing and Storage

Since ch]or1ne gas is about 2& times as heavy as air, it settles

toward the ground and co]lects 1n 1ow spots.: This property is 1mportant to

persons plann' g the locat1on and ventilation of storage areas. )
S I o

Y 3

.
s et § et aogyen e

LA
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L

. Dry ch]orine contaJning 1ess than\150 pPPm m01sture as manufactured
. kS P
-1 by PPG Industries, does not corrode common meta]s apprec1ab1y at tel ratur«s

below 110° C. (236° F.)’ However, ch]orine reacts with_moj ture to fo

: hydroch]oric and hypochlorous acids which are high]y corros1ve This

-

‘property  is respons1b1e for the fo]]owing precautions.

1. Make sure that piping is dry before admitting chlorine. .

-1 2. Use on]y dry (-40° dew p01nt minimum) oil-free air or nitrogen for’

s purging, testing for 1eaks or padding tank cars.
\ - i
3., Never use wafer to detect -or absorb leaking gas, and never put a 1eaking

coﬁtainer into water

-

‘Fire and explosion Eaiards Chlorine 11qu1d/,nd gas by themselves
| are non-flammable and nbnexplosive. However, ch]orine can support the -
‘combustion of‘certainhsubstances For examp]e carbon steel. 1gnites at 251°°C:"

(483° F ) in the presence 'pf ch]orine gas, and fine]y divided metal ignites _

>

even more readiLy : S

7 3 N

ﬁany organic chemicais react readily wi th ch]orine-—some_with

exp]osive v1o]ence

Information J PPG has pub]ished an 84~page manual, “Eh]orine“, which
describes in detai] 1ts :properties,_as well as?handling and storage. PPG .

.also distributes a pocket-s1ze “guide for operating personne] on the “"Safe
&n,;pw, - .
Hand]ing of Chlorine." O L. L r

In Case of Emergency ) : .

&

e

¢
In case of an emergency with a 1eak1ng chlorine container, te1Ephone A
the nearest PPG Chenﬁca]s p]ant Plants can be reached by phone at any time, ’
day or night He have trained men equipped with emergency. equipment for

S 1
o _ . 6
L P
'v .




hand1ing+sych cenditjons:

[} ~

PPG Plant Emergency TeJephone\;:Eb \= ' . f

: o Barberton Ohio KT\\v\\\\\\ - ' - "
216-753-4561 ° o N s - )

1 " - ' =
Texas ™ ; \ b ¢

\ sl-gg3-d31 .- T L C SRR

_Corpus Chris}i,

1 4

., Lake'Charles, Louisiana = R
| 318-882-1200 .
% matrwm, West V1rg1n1a . ) v -
ﬁ; . & . 0
304- 455 2200
In Canada; Beauharnois, Quebec
Standard Chigmical Limited - °
K - 514-429-4641 . ‘ N ~ :

N - o i <
Packaging and Shipp1ng \ <’% —

. A &

; . ~PPG ships. llguid ch1or1ne in_tank. &rs, barges ton containers and
tank truck. . " N . ]
Tank Car )

-

Most ch]orine sh1pments are made 1n sing]e-unit tank cars with A

capaq1ties of 16, 30 55, 85 and 90 tons Sh1pp1ng po1nts are Barberton7 0h1o,
Corpus * Chr1sti Texas Lake Char]es, Louisiana Natrium, we§t Virng1a, and in

~

j.
Barge . - L ' .
{ ! ' ) ‘

PPG pioneered barge‘spfpment of chlorine and currentlenas barges 3
B - 1 / B , hd

Canada, Standard Chemi ¢al L1m1ted, Beauharnois Quebec \ﬁ{
4
- 7 g %

- 3 o« n
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°f:599’ 909; and 1100 toﬁs Capacity. Shigp1ng po1nts are Lake Charles, "

N A
Louisiana, and Natrium, West Virginia, < . ‘

£
R
»

Ton Tanks . S

‘Ton conta1ners are filled w1th 2000 ‘pounds of liquid ‘chlorine and ~

hava -a fare weighf‘of approx1mate]y 1550 pounds, They are shipped in; mu1tip1e-
un1t tank cars common]y called. "cradle cars", which have spaces for 15 conta1ne
Less than car]oad quantities are shipped in trucks, which can carry from

eight to ten containers. Shipping points are Barberton, Ohlos Corpus Christi,

Texas; and Lake CharTes, Louisiana.

]

.
-i

Tyué ¢
%

In some cases, userssprefer to receive chlorine sh1pments in

.

spedﬁa]]y deS1gned, srhgle tank trucks, wh1ch have.a nomixal capacity of

X

17 tons T N o A ' ;/kf

Technical Assistance : ' » \5\\\;
~ T, The technical service staff of PPG Indqstries'Chemical ivision

A
is also ava11ab]e invcasg of emergency as well as rout1ne1y for céasult1ng .

04

'I ‘e

- on hand1¥yg, storage and uses ..
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Hodule Title:
Ch]ofi_nation : L ‘

S@m"ule_ﬁgle: ’
sf‘\cﬁlorine' - o .

Approx. Time: ' "Forms

. % hour

« ' ’ . -
- N N of L . {?\J .
" |Objectives: - 4 e . .

Upon comp]etwn of th1s modu]e the part1cipant will be able to:

. 1. List the forms of chlorine and the, percent of ch]orme available.

y %\
~ A - < i
- -~ 3 ) K
. | . :
: . 3 . . Moa 3
» :\ J )i‘"' H ] "
” :
N + - . ) - -
e -k D T
¥ bt {
L

!né"tructiorﬂa.l Aids: oo ‘ ' ‘* ; b

Handout 4 % O : P y o

-
-

- B :
4 BN 8 .
- . ‘ v Lo, -
‘

Instructional Approach - : B

4 ecture © - ) \ T o

Discussion . . .- - ¢ i '
R . . #. oy
r V-l ‘ . : SR
-~ N} %‘
References: , ~ : ) ’
. R . 4 f3 ~ +
" 1. Suppliers Material
4 "/‘
R . ) ] . N
. ‘ T )
Class Assignments: . e . s

Par‘ticipate in discussio
Prepare handout™ . o ‘ .o .

. , . B o - . "'\ (.
- o r 20 * S c
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L Topic: — . | DR P ' T
Fgrms of Chlorine , ) , .
~ “7& it (o ‘ -
~ . - {. Instructor Outifpe: . o = .
AV ] T - ¢ l/’lé_ .
. . - \ > - r _' ~ -A\
P . T : ‘. 7 i ;
X ‘ - I?I. Forms of Cl, - ' e
_ﬁé\%- 1. Gas 99.5% pure Cl, ¢
. . - -2, Liquid Sodium Hypochlorite :ﬂ(b)/each) .
- ' y 5% - 0% : . -
- U oea . ’ ‘ e s - ‘
M S . N [ * .
) L7 Brand names . i X
. . N . HTH - Powder
_ . b . Perch,'lor\on - Powder ’
. . ‘ Sanuril - Tablets. - o . .
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Module Ho: ‘Module Title:
1 N . -{Chlorine *
_ Sumodule title; .
v First Aid

Approx. Time: : . ] .

3 four: . Topic: ‘

0bj e’ctWes :

4L

1. List the steps for first aid treatment

T
A [

Upon comp'letion of this module the participant wﬂ] be ab]e to:

Instructional Aftds: o

andout 5_ ) < < .o T

<

Instructional Approach: " ) T
‘Lecture . '
_Discussion

+
o

|

References. 7

1. Ch]orination of Wastewater MOP #4.
2. Operation of Wastewater Treatment P'lants Sapramento

’

3

¢ C . ~ ! N

—_
Class Asslgnments. .. : '
Particf'pate in discussion T ',
Prepare handout . )
23

.
. -
- . i e
i -
N B ~ .

A
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Module Ho: *  ~ Topic: - - - o
First Aid S \
Instructor Notess U {Instructor Outitne: N~
¢ [ . . B
e | IX. First Mid - -
. L eet outside *
: 2. Keep victim warm (70° F.)
- ' 3. Call a doctor _ oo
, -] 4. "Remove victims wet clothes
. 1 N.B. Cl, bur‘n_sl‘in solution
5. If h_ot_:_ breathing use respirator
. | 6. Reduce or stop cdjighing if possible
\ ® 7. Do not administer drugs or liquids.
- .é - <
. ?‘ had )
= . T
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Module yo Module Title: « - . . . 3
¥ - ‘_f..'y . . . ., - N - , )
v } - Ch},omnéf:mn - 2 .
. ' Submodule Title: oo i :
Approx. Tire: | "Application Points- . A
- ' Topfc: ) PR .
2 hours - pre: . . ‘
- . "’ ¢ R “ ‘a .
Objecti ves: ' . 2 T g‘Q\\ )
tlpon comp]etmn of this modu]e the particwant wﬂ] be ab]e to: -'f K " :
1. Identify po1nts of apphcatwn of chlorine. .
2. Reasons for chlorine application:. . . :
£ /\ ‘.
g ; . v . . .
NS , - A . ‘ ,
. ' . - _ .
Instructional Afds: L ~ LS
. a Gt Ren T e ‘
Handout. 6 , ¢ ' . |
- 'P . ) . ’ -® !
K RS N
) .J ) "wﬂ - ' ' ! ' -
Instructional Approach: o . " R
, - . A
‘Lecture ’ . ' . . et
- Discussion ’ !
.. .7 o ), ’
Reference‘fs: =Y ‘ ‘ L . .
. ? " - & . ‘\ . .,
1. Ch]ori’naﬁwn of Wastewater MOP #4 WPCF Co |
2. Water Ch]'or'ination Pr1nc1ples and Practices - AWNA ) ]
. T oo co. 1 ‘
€-Iass Assignments: D . - - . \\"
Prepare handout ) y \
Participate 1n dqscussion R . . B
. ’\ P 26 .. ./-)‘
1Y ) l. ::\:\‘
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Module Ho:

Instructor Outiine:

Topic? ‘
Chlorination
‘Ingtructor Notes:
XA
\ ‘
- L
7= XIA
———— .
v ' ’\'.
-’l 14
{

*Where:

2
3. Wet we]1§
4

-

Chlorine Reactions in’kater
Chlorine 1.5
Residual 1.0[..

10 20- 50 100 150
€1, applied to solution

-

Breakponnt Clp - sametas free avai]ab]e residup

. ammonia in the wast#water helps in producing

free available residual chlorine and increases
the ki1l ratio.
in wastewater due to high costs to overcome
ammonia. Practical in water treatment
App]ication Points o]
Qut;ide plant for:
1. Odor contrql in FGWQS? and manholes
2. Slime and algal growth

3. HpS oxidation |

/

y

However, this is not practical

1. Forced mains _ & -

. Pump suction wells

. Sewer mains

5. Manholes

Dosage ~ , ’dé. '
& -6 mg 1 or uithout residuaf
27 it
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Module. Ho:

-

Topic:
Chlorination _°

Page 26 of 54

1

Instructor Notes:

—— - - — 1.
Instructor Qutiine:

\

D

g

Corrosion Cohtro] SN
o HS + 0y —2 H,S0, (simplify)
Acid eats pipe ' —

! CaSO4 o 7

@

. ) Forced Mains - water mains, all drink1ng water '

distribution systems will be chlorinated after
a p1pe break or repaPr.and in a new system. .
" A. '

l

Method

a. Apply chlorine to one end of the main

‘- to be sterilized wh11e blekding at the

f othér end. - 5

. Measure application with bJeed off -
carefully. o

c. Allow solutior to stand for a given

”  period.

c d. Bleed of solution or dtscharge 1nto
. system ) ‘-

Example:

Drop dilution method
Material Needed: T~ Cow
Lpt. distilledwater =~ . . ¥

- o1m eyedropper w/ab111ty to drip 20 drops

. per 1.ml,, ) N
d - ”

and .5 m1 dropper

A

- Procedure
a. ' Collett small sample’

!~ b, -Add
TN

Y

to 15 ml. mark.

4
-

.5 m] orthotolidine to one v1a1 “and

Concrete p1pe reaction oreates ca1c1um su]fate

- -

o " Residudl .chilorine compared W1th 15 ml. vial

<
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Module Ho: Topic: - ©
: Chlorination - R *
Instrudtor Notes: Inst;uctor\Outiide: N ) :‘

‘e

a.

Fill other vial-with distilled water to
15 ml. mark. -
Add- 1 drop of water to be tésted to the

vial containing orthotolidine mix and
repeat until a color devg]ops

Measure the color on the comparator. ’

Record total drops of samp]e added to
the solution.

Computat1on of Residual

Divide 15 ml. of samp]e vial by the -
total ml. used of sample (.05 ml per ° .
drdp) = dilutioh factor.

‘Multiply residual read1ng shown on

comparator by the dilution factor

: ces1dua1

13
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“Module Title:
Chorination

Module Ho: .

4
ot .

.

~ 1 Submodule Title.

Reaction of Ch]or1ne in Watersﬂﬁ
Approx. Time.

"2 h&%rs¢ Topfc: . ° - =

-\ _ﬁ_,

* »

O.bjec'tives ¥ ‘ :
° \‘ . ’;‘

Upon completion of this module the partic1pant w11] be ab]e

1. Identify the react1on of ch]or1ne forms in water

o

Instructional Afds:

Instructional Approachs

Lecture
Discussion

,»xi .

Reiqf;nces.‘ _ ’

.1, AWWA Water Chlor1nat1on Principles and PracticeST‘ANWA
“2. WPCF MOP #4 ‘Chlorination of Wastewater .
3. Operatiéh:of Wastewater Treatment Plants, Saq’am nto

— A

-

‘-\ :% o v ., "’/

o
. . ‘ L. . .
Class Assignments: . - N
Participate in class discussion. ' R
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Module Ho:- ‘ f_qpic: ‘w ' ‘ - . Y
S s . N .

N

» )
Instructor Notes: - - "{. Instructor Outiine: . S /

-

2 . d

N

~ Handout 7 © |XII. Reaction of €1, . - g
1. ‘Water
Theoretical

pH’ % HOC1

. ¢ e »

BN NONWO O

WONIAPPWOO 3R
~

OO N W
Owww

-
s et
HOWO~O N
o

- . ‘. . N “ N . . - Y
» . .
~

‘DWW WOIN

3 L

Handout 8 . . Free available chlorine g
N g1 Hoc1 + oc1 * PR ~

.4 | . - ) -AR.  Reduction of bacteria is due to the creation
. Y { i < of: . \ s
. ' . . ‘j ' : 3 - a.' Acidic conditioh
3 . : | ’ ‘ b. Attacking on enzymes s

- . Lo, o - ¢. Creation of spores to portect bacteria —
', \ N from harmful attack = -

& ) - S Still a mystery. -All are theories
: i R
A ‘ " 2. Mastowater
' ' Data similar to water with the addition of

- *.the s0lids, organic, ingrganic matter and
o ammonia. .o

Hl

Handout 9 - . i 3. Chlorine Compounds _ *
t , \ . ' . ) "\ ' . .
o A. -Calcium Hypochlorite - reaction w/water

) L ' Ca (0c1), . ca* 2 oc1-

. [

1 4

.. ’ - : o
Han{dout 10.° - S ' \ -t B. Sodium Hypochlorite - reaction w/water

STt Na0Cl T Natocl- .
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Handout ' 7

Aruitoxt provided by Eic:
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Module Ho: Module Title: . e
.. Chlorination
& .

Sudbmodule Title:
Application of Methods

»

' Approx.ETime:

Topic:
2 hours P

" Pressure/Vacuum

. 0bjectives.

N .
i Upon comp]etion of this module “the part1c1pant will be ab]e/}&

1. Identify parts of pressure systems and the operation of/system.

Instructional Afds:

- Handout 11, 12, 13, % 14

.4

*

{Instructional Approach:
Lecture
Discussion

oo

References: : i Y
1. Operation of Wa tewater Treatﬁent PTants|, Sacramento
2. Equipment Manufgcturers Guide ; .

Ve

/

/ -

[

1Class Assignments:

Read handouts ~
Particjpaté in -discussion

w
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v

Module Hog - “Topic: . . - -

Ly

N S N .

2 5

"\ s .
Instructor Notes:, . § Instructor Outiine:

—

KIII. Methods of Chlorine Application
: 1. Gas 7 .
- .- o
A.. Pressure
"B. Vacuum
Dry compound

“A. Create a Tiquid mix and apply 'to’ the
.+ water. . " .

L 4

B. Mga;urg total needs ‘
. 3. *Solution - Sodium*Hypochiorite
A. Supplied ‘ .

B. On site generation'of N40OCI

4
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VADUUM RELIEF * ¢

[

" “SHORT °

[
e f
29

-

.
.

ERI

.
Aruitoxt provided by Eic:

DESCRIPTION

(-3

<

; . . .
~ o W N . R ’ -

b‘ r'd . _
4 6 PRE ’ e )
REGULATING -~ PRESSURE " VACUUM REGULATING -
N . . RELIEF vau;c < TTVAZUUM RELIEF WALVE v
] - N p : . s
;o ¢ -
PRESSURE  ~ M .
T GAUGE 1 R
- . 4
& - GAS . 3 I “»
. . |METs iR 4
) . , . " feed RATE \ ¢ \ ' v
e ? ADWSTER .
~~ v < N
) ., ROTAMETER 4
» . . INJECTOR DISCHARGE g
- L]
. b R
COMBINATION
« - gu'oecroa ]
- s CHECK VALVE *
, ) -
. i N o LEGEND , ;
b ' L3 CHLORINE GAS -WIECTOR WATER °
CHLORWE. SOLLITION . SUPPLY INLET
> > . ‘ A~
- N WATER . ’ < e s -
. ’ LN . «
£ . s g ‘
' ’ T * i o ¢ :“‘ . A .
> » R ° v
) o ’ o . - ]
- ~ ’ \ ;' .o ¢ ﬁ
: Y ! T . operation is obtained by interrupting the injector water supply, thus the
: operating. vacuum. This is done by adding an optional sg}enold valve ,or
¢ by any other convenient means of interrupting the injector water supply.
K -0 . : © Injector water is the only supply required by the V.78 Chlorinator.
™ ) - . -, There is no make-up water, no drain, Injector materials resist corrosion
y . - . and erosion. . . .
a, 4 o N he

X . . -t~ e

“The Waillace & Tiernan Series V-75 Chloringtor is a . solution-feed,
vacuum-operated, will-mounted type. A seriés of. 13 rotameters. .provides
capacities of 3, 10, 20, 30, 50, 7§, 100, 150, 200, 250, 300, 400,@1;

"% 500 1b of chlorine per 24 hours. Féed range is A0 to 1 for any one * .

rotameter. The -V-notch control me will maintain the set feed rate
- within 47@ ‘ ' .

Operating components are mount a reinforced plastic panel with
cofrosion-resistant, vinyl enamel finish; A spring-loaded pressure regu-
lating-pressure relief valve mgintains the proper operaling-vacuum ahead
of the V-notch orifice. It opens only under normal opeutig_‘—’-{acuum nd
vents to atmosphere if excessive gas pressure developa. Andther sprifg-
. loaded valve maintains a* constant vacuum downstream of orificeIt .
" also ahmigl air if excess vacuum develops. This air does-not pass through
the ratameters The valves are separate valves. They havé sealed dia-
phragm units with Acme-thread sockets for removal #nd replacement .
without tools.

The ‘rotameter has a 10-inch, linear scale. Its graduations and float are
in contrasting-colors for easy resding, The metering device is a V-notchr -
Variable Ofifice. It consists of a plastic plug with a V-shaped_groove *
which moves in a fitted plastic ring. The aspirator-type injector ﬁgvcntn

backflow of Water into the chlorinator. . .

Operation requires no swsthary water and no drain. A chlorine pressure

~4¢Od‘ tha ene {nlas i - * Aad
. «

’ r . S [P
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i Dcef’ujﬁﬂféunmfﬁ s Agg}‘,}&ﬁ#‘sgie
-' : " CHLORINATOR
Re|ease

~°

- -

Thezillustration above shows a txpical deep well

pumping system installation using'a centrifugal

booster pump and a cylinder mounted ADVANCE gas

chlérinator. Some wells’ may differ slightly from

that shown. In general.all &uch installations will

have a main check valve to prevent water back flow

at shut down.. The problem is,to inject a metered

amount Qf chlorine into a _pressure' main which may

have a water pressure from 30 psl' to 120 psl, or

'higher. The chlorinator arid chlorine cxlinder

"are shown in the same area as’the well: spump. If

a separate building or area has been provided for

* the chlorinator, installation is the same, except

" that a lbnger length of vacuum tubfng is

L necessary. The vent connection on the lower part
of the chlorinator’is cohnected to thé outside
withrthe same typé .of tubing. ° - *' . T T
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RATE VALVE

\

.

OUTLET CONNECTION .

i T W
—_Ar—

" __RATE INDICATOR

REGULATING
DIAPHRAM ASS'Y

Handout 13 -

cL [}

VACUUM LINE

)

EJECTOR ASSEMBLY
WITH CHECK VALVE .

ADVANCE Gas Chlomnator-
, Flow Dnagram

’ ;ﬁ
2
4 v .‘8
. "&:
i : O .:t::o;;
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;L Handout 14 - : INSTALLATION BULLETIN 75

. CHLORINATOR INSTALLATION
L QUICK - EASY - SAFE -

‘ ":. . : B
LA ) s @ - .
YR -
. ':" s, . ‘ /r -
. - ATTACH CHLORINATOR TO CHLORINE )
: CYL'IUDER VALVE. ' o ) o
_Place chlorinator “over cylinder valve i
“— and simply clamp tight against .,
. ~gasket, ]
v o
, # A
N A INSTALL CHLORINE SOLUTION DIE- .
FUSER IN PIPE.
TN L ° Screw diffuser hand tight Into pipe- -
[ . . line, using non-hardening pipe dope.
4 . , N . .o . -
R
¢ N .
. " N - .
“:‘ LN ’ . . ‘ T - o
_ .., CONNECT 'JECTOR TO DIFFUSER. ) .
{2 Plage-weter inlet fitting (nozzle) '
" through sjector block; with gasket on ) .
;- each slde. Scraw-water inlef into dif- o
*" 7 fuser, hand tight. _ .
N .
=Y o 2. ! 'b b - -
b - [y
» . . -.‘. o3 12
X ) g y ’ .
. ‘.. CLAMS ON WATER SUPPLY HOSE : . '
A . ”AND ONNECT VACUUM TUBING TO s . )
P COMPLETE INSTALLATION, e '
¥y .- . - P . -
Q v adee aoveone . » S e T i o ~. ) i
ERIC . sl M T
- . T ‘ ; - . ‘




Module No: | Module Title:.
- . ghlorine :

Submodule Title: .
Chlorine Safety - Gas

Approx. Time: -
1 hour | Topic: . ' ,

Objectives: : e . B

. ‘ \

Upon comp]et1on of this module the part1c1pant W111.be ‘Q{j to:

1. Ident1fy the prob1ems of using gas chlorine and the hazards the gas will have
on_ the human system. <. -
2. Identify the methods of reduc1ng ch10r1ne hazards. '

i

Instructional Aids: _

Handout 11

_ lnstrué\1onal Approadh‘ -

Lecture :
"‘Discussion

~

{References:

1. WPCF MOP #4 CHlorination of\wastewater

2. Operatfon of Wastewater Treatment Plants, Sacramento
) , \

Class Assignmenti:

Participate in diSCUSsion
‘Review handout

+




\

Module [{o: ) Topic: _
Lo ‘.1 Chlorination

Instructor Notes: « { Instructor Outiine:

-

v
<
-
,.

4. Show ki@ if available .

XIV.

Handout 15 . . XV.

Chlorine Storage

1.
2.
3.

4.

Dry room
Indoors/oﬁfdoors'

If 1ndoor - ventilate and make reasonably
f1reproof ) .

‘Outdoor - avoid direct sunlight

Ch]orine Safety - Gas -

1.

. of any k1nd

Do/not use water to stop a Cly leak. Water
makes the leak bigger. v

Caution - C1 comb1nes freely with moisture -

-
Al

Caustic soda will absovb C]z at thé rate of
1 1b. of Cl to 1. 25 1b. of caustic soda.

T

K1ts to repair leaks
"A" Kits - small cylinders -

g" Kit§ - ton cy]inder‘ - .
w "
Both contaiqﬁa]] ;oo]s t0'repair the®

cylinder.
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Module Ho:  ° | Module Title: ¢
Chlorination - )
Submodule Title: _
‘Approx. Time: Maintenance of S_ys_tem_
. Topic:
1 hour o~
Objectives: i
. . R
Upon completion of this module the participant will be able to:
1. Perform the necessary maintenance to pressure/vacuum systems.
Instructional Afds:
“Handout 2 \
Instructional Approach:
Lecture
Discussjon .-
-{References: g
1. WPCF MOP #4 v
2. Manufacturer's Guide ‘
/ - -
Class Assignments: . . _ ;
Read handouts ‘ | ‘ o -:;';zf '
Participate in discussions - (
) ¢ e , 48 »




point of application.
Rotameter a glass tube where
the opening is made wider
at the top and narrow on the
bottom - to measure C1 flow
from the tark or cylinder.

k-

L

Wafer supp19§~

' Rotameter |
Injeeto?

Shut, Down

1.

2.

Turn off watér to eJector

Shut vaTve to cy]inder

. . Page _43 ‘of 54

Module No: Topic: M\ ] . = -

c c _ _ B ;
lnstructof?ﬂotes: ' Instructor Oqtiine; ° :
WI. Scale _,//”—“‘ I. Application Systems.
We1ght of cy11nd r taken to 1. -Pressure systems — .
measure Cl, used{and when tank - ’ © :
1s empty Equipment '
Water for mixing C12 ﬁrior-to/; . Scale ‘ -

NN

-
»

3. 'Open ejector to reduce pressure in C1 Tine.
Close when pressure decreases to zero..

XVII; Maintenance

“ . { -
1. Pressure ~ ) e
~ A. Check for leaks with anmonia so]ution or
«s 729 OT spray-bottle.—
B. Clean\rotameter and float. :
¢ S
' C. ga] { in direct contact with Cl, “$houlc
ec aned ‘yearly. .
. 5 P \\\
D. Use new gaskets whenever a.line is
" disturbéd regardless of reason.
2. <Vacumq;
T A Check for C1, Teaks. EE
" B...Clean rotameter and balT"
C. Clean ejector nozzle -of 1mpur1t1es every

+

6 nmnths.
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Module Ho:  ~ | Module Title: ‘ ' -

LT a Chlorination . . ) : _

$ Submodule Title: o A~ '

Approx.‘ Time: - Cha’nging Tanks | ‘ . e

1 hour ) _/ TOpiC: ‘ - - ¢ . ‘. -

. 3 ' - N . L . \ o
Objectives: © . X . . - .

Upon conp]etwn of th1s module the par‘t1 cipant wﬂ'l be ab]e to.

1. 1Identify the steps in'changing chlorine: tanks.. ¢ h\/

® : ‘

o, ) . - . “ . . \ . :é\k _) . - . »

T : X . . - P : .
Instructfona) Mas® - g T Vi
- Demonstrate " .. ° » - / P

Use -handout # q"g:; .o ,. B

.
. » i '
& . , - & - .~ -
. < "5, ¢ .. % \‘ﬁ . ¢
16 ‘b( - ‘," ‘1 . . . B + . > N
* .
. ’iﬂ» . G ,
> © .
> " A s ;)

Instructional Approach: ® -, j fe
v T

‘Lecture . ) - + g ) e, AC “ ‘ “

. ° , f Id
Diseussion 4 e o
) o - .
LY . N -~ o~ e, ' L °
»
. , s sgt e g L e
ikl

~{References: ' i B ;&‘ N .

1. Manufacturer s Gu1 de

. o=’ . ” .
r ' > )
i ‘ . . - .'. - ¢
s ) 1 ., > g“_
. . . v LA 4 .
Class Assignments: " ) N }
Participate in class discussion - . ~ A
‘ 30 & T .
’ 2 /,—- -




]“?

3 N
. Page 45 «Of' 55; . N
Module Ho: Topic: . - T T
: Changing Tanks ) ’ ‘
Instructor Notes: a Instructor Outifng: o . \ '
. . s
--) Handout 4 XVIII. “Chlorine Tanks - Changing _ '
‘H . 1. Turn on fan in room .
' i’ -~ ’ 2. Wait 60 sec to vent room °
\ 3 " Shut off cyhnder B ) o
4 Break cylinder bolts -
N 5. Replace with new tank
) > ~ 6. Use new washers. Do not reuse old was'her's.
Z. Th;;ead assemb]y to valve carefu]'lx -
. 8. Open va]ve ' " g
;. 9. Check for Teaks, If leaks shyt-6fFf .-
1mmed1ate1y If no leaks 60 to 10.
. 10. Open all va]bves for ¢hlorine and water. -
11; Adjust chlorine flow rate through rotameter.
T, .—/ ° . R -
'y . :
N |3 .
. e / : \ ¢
/ Z :
- . i ¢ . l ‘ Iy
- J . . ;
- b ° B i " (\ ¢
: s . .
: \
oo ) 3
* <
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Z - = —-
Module Ho: Topic:
/ 1 i 'Y
TY;strubtd?\Notes: Instructor Outiine:
. ‘ , ) e -
Demonstrate by showing the XIX.  Calcium Hypochlorite .
flammability of dry chlérine, ‘ - . o
Lt 1. Dry form - used infrequently in the
disinfection of water/wastewater.
Primarily as a standby for emergency;
, “pipe disinfection spo} ch]orinqtion.
] _ 2. Equipment needed ‘
i a. Solution mixing basin
- b, Metering pump for’ feeding the solution
. to the water. ,
N 3. Safety - ‘this form'of chlorine is highly
\\\\\\ i explosive. B0 NOT SMOKE or use flame
~ . around this powder.
. - . . . - y ’
. -4 4. Mixing - 1 1b. of calcium hypochlorite to
s .7 o 10 gal. of water yields 89 ppm of chlorine
in solution. . ;
CAUTION: During mixing the action creates
4 an escape of free-chlorine gas. This gas
¥ supports combustion. -
“ - XX. - Sodium Hypochlorite oo ot
) 1. Liqutd - prepared )
‘ 2. On site genération ’
. . \ - °
I. Dilute solution chlorine (NaOC1) strong
corrosive.— .
\ / )
} - ! » .
- - : ) ;
R T . v"’\
— o
. 3 ,
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Module No:

o

- Topic:

Instructor Notes:

Instructor Oqtiihe:

s

PR SN

-y

. 2.

.

Geheration on site 1s becom1nq a popular
tren the quantity and quality has
many advantages over shippina of the
solution.

/

\v of proportiona] pumps. .
‘ CAUTION‘ The slurry, w1]1 encrust in
the system maintenance requirements - °
makes automation imoractical. .
< . ; -:e
. 3
a{i
9 L
) / . V-4 &
- s\' c
4

A. Solution will decompose quickly in
light or heat atmosphere.

B. Fed to the water/wastewater by means
of a oositive displacement pump.

A.. Caut1on is to be used as hydrogen«g/E\
"is a by-product and can be dangerous
if not handled properly. ( '

B. Slurries are-prepared in advance and
added to the water/wastewater by means
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3 - A P =
* | Module Ho: . | Medule Title: -
Chlorination } T .
: - o -
Stbmodule Titfe: -~ '
¥ Interpretation of Test Results )
Approx. Time: ' ,
.45 minutes ~ Topic: e /
A *
Objectfves: ~ '
Upon completion of thisxmodule the pa;‘tiﬁpant wi,'ll_be able to:
- 1. Interpret results of the chlorine tests for:
~ b d
A. Residual : ' '
- \} { . . s -
B. Free L .. L /
b & ] \/ > - _ s
Instructional Aids: ‘ @ 1 .
' . B PO T ‘
"None ) . o - &
. - ,\ .‘ A Q‘ . S ) 8- . 2 =~ . \ -
Instructional Approach: U . ’
Leéturé :
Discussion- ) } v
Y ) ‘ Z . -
References: T - A
| 1. weck o s e ) C
2. PWWA Water Chlorination Principtes and Practices - .
d - ‘
. i ‘ { ®.
- {Class Assignments: \‘,. N N
;- Parficibate in discussion YA Ve
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‘Module Ho:

Instructor Notes:

Instructor. Qutiine:

-

¥AI., Interpretation of tesf results

1. Residual-chlorine

. 2. Free ¢hlorine -

1. " Residual chlorine is the\amou‘:Tofyzhlorine
© “that is required to meet the dg@gﬁd.of
; on. ) s

disinfecti

| ‘" .
A. The State of Iowa has established a
i~ residual by the plant effluent based
on“recéiving water standards.

i B. " If your results are less than the
.+ . .stated .value, adjustment of the

." *chlori
iw + opposi

ne application is -needed. Thef
te is also.true as too much -

chlorine is harmful to the receiving

-waters

2. Free ch]oé

v
2

ine is the end product after all

"t ithe chlorine has been uséd to combgne with

. .organics -and chemicals.

This end product-

! 'is a hypochlorous acid, a hypochlorite ion.

{ i Free chlorine will react quickly with any
. i property to eliminate/reduce control taste

'y and. odor,

i

i

the free chlorine allows the continuation - -

'Once the démand of combined residual is mé

:Any’ uncombined chlorine could, :

. 1be the.cause of the chlorine taste in |
drinking wqters._

o

A
N

t,

2

.of disinfection within the system by

‘s

concentrating on the -problems of dis-
;" Infection taste and odor contrel.
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ModuTe No: | Module Title:

b g

\ . Submodule Title:

“Approx. Time:

1% hours T
; EVALUATION

0"

1 Objectives:

After completion of this modu]e the part1c1pant W11] be ab]e to:

1. Label key parts on a schemat1c of b

a. Pressure systems, k

%

b. Vacuum systeﬁs

List first aid steps for a victim exposed to large doses of/ghlg

2
3. List the reactions of the three forms of chlerine when mixed Wi’ th water.
. :

\
Define:

. ' .
f\> .a. Free-available chlorine
. Y .

) b. Chlorine residual ,

List and identifyopoints wherelchToﬁine could be app1ied.

6. Upon compe]t1on of th1s module the part1c1pant should be abie to correct]y

IS

, answer 80% of the evaluation questions.

Y ' o H
,‘é B ' )
EValuat1on Qdest1ons
1 i Def1ne p&rpose of chlorination.
2.§ Label vacuum d1agrae prov1ded by 1n;tructprf
.; ﬁotameter i . oo P?essure .
! Rate valve e Yoke -clamp

W dorat ws

3 Ch]brine:cy]ihder valve 'l‘f ‘ wéter supply ~
T o 't N "; } ‘

-

m—n A

“m, X

3 s
Aipmmrtonr © 2
\

-

A e
»

o T N bl eV Naws - vnpbiemin A% b e Aot A O
. .
.
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3. Below arg' the first aid steps covered in the module. Fill in

e : x
—  the bldnk statements. - : .

A. Get outside

B. Keeprvictim warm (70°.F)-' ) S
C. .
‘D. Remove victims. wet clothes :
E.
F. Reduce or stop >cough1‘n§, if possible ( 2
G. Do not administer drugs or 'liqujds 3
4‘. A ch'lo'rine leag is ;1et'ect)ed by'
; oLt ot 1
5. Why wou'ld-chloi'ine be applied .tq: \ . =
-a. Odorous maé'nho'le ‘ . g A .
b. Pump suctj?n wells | [
c. Forced maijs - ) R
a. . - :
se . . b T . ; \
LS R

6. Reaction of chjorjne in water sets off different results when

H

B { . - . .
different for~m§ are used. List results below.

Gaseous C'lz oy Dry Clé . Liquid C1

2. ..

o
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“

~

. . [} » & -
7. List percentage of chlorine forms memtioned in questions 6. ,
in same order as listed in question 6.
. Vs [ _ e ,"
I 9\ T - T ’/’ 13
o - /
8. Define: . .
a. Free available c
. \
, b. Chlorine residual
a. M . <

b - ) : -

~

i

t A . © .
. . . S
K . / -

g v ;- *
; . / / >
NhY?; v s « »
. j
. “?‘ . “ 3 . . -
4 - - . ' =
10. Your plant has-a residual chlorine 0f12.6 mg/1. What must you do?
. —— ;
N : i "
Why? ~\ ’ ; ‘ o
R H v - 1 /
2 : / K‘
¢ 1 - NS
. ' v
58" 3 L

9. Your plant has a rgéidua]fch]orjne of 0.3 mg/1. What must*yoh do?

s
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Module No: -

. EVALUATION

»

-

Instructor Notds: T

Instructor Outline:

<

Answers

1.

3
3
!
|
!
B 2+ ?
‘ Ca(GC'l)2 + H20 + catt's 2pC
!
4

kA hts AAAe Mri A a ke Attt e “nrdie

~
2

The purpose of chlorination

is to reduce pathogenic bac

bacteria, preventipg-the
spread of disease. ° ¢

Refer to'handout. .

[

C. Camn g doctor

E. If not breathing usé*a
respi;ator |

‘Ammonia detection

a. 'Rrevent'oﬂdrs_- : 12

b. Slime growth/odors ;j_

c. ‘Slime growth’ -

Gas

Cl, + H,0% Hoc1 + H'+ €1,

Ory. .

L1qU1d !

NaOg1 > ng > Na* +fot1

99.9% Gas

?% ‘Dry

!

' . -
5-30% Liquid - , 8

|

Upon completion- of the module the instructor

will passout-the test to evaluate ‘Student

~_performance. * .. =

1. Where a student is asked to "define" an
answer the answer may be approx;ﬁate to
the given correct answera h

"2. For answer use handout 12 and 13 as master

and question ﬁhéet. —

|

Waws oy e

..
R ate e Dherame b o ivann

E‘*J
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Module .No:

”\‘: EVALUATION

~
. ~ *‘5,
Instructor Notes: ¢ " | Instructor OutTine? :
8. Free available chlorine - ’ ’
" the amount of chlorinesavail-
. ¢ T e 2
ablein a liquid that is not ) -
£
combined with any organic
compound, n - . ! /r’ﬂ— R
Chlorine residual - the y ’ %
i .amount of chlorine available ’ :
as a dissolved gas, acid, or T !
’ ) -9 )
ion that will combine with anyf ; ;
R - . ‘ . 3 ‘ 5
organi¢ compound. ) s .
. . - - 4 . 3
_ : - : .o i , J
9. . Raise the level to that allow- 1 ; ‘ % N
ed by permit. N N N\ o
To insure a reasonable level f
, ? ‘ ‘
of disinfection takes place.- ; ! . ?
- ” . ¢ 3
10:  Lower, Tevel to permit value g ! .
b ., » U - .;
to reduce possible harmful ¥
LN 2 ' ‘ i
.effects of stream Biota. a ~ .
3 3 ‘ e , ; N X . ';
1 B : -
o ' . y
. £, ! , ? ;
o . ' T %
| \ B s
' b !y . ) 5
. l‘*«x.’»ﬂ. s .3 H
- }’. E % 7
. N PO . !
| * |
- ‘ ’ ‘3




